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(57) Methode et dispositif supprimant l 'instability 
occasionnelle inherente aux codecs de signaux vocaux et 
audio k analyse par synthase et causee en particulier par 
des erreurs de canal lors de la transmission de signaux k 
haute periodicity p. ex. des ondes sinusoldales haute 
frequence. Les techniques d'analyse par synthese font 
appel k la production, en rSponse au signal vocal/audio et 
k des intervalles de temps r6guliers appe!6s trames, a) 
d'un ensemble de parametres spectraux servant k 
Pattaque d'un filtre de synthese en vue de synth&iser le 
signal vocal/audio, et b) un gain de hauteur pour la 
construction d'une composante de signal post-excitation 



(57) A method and device eradicate the occasional 
instability inherent in analysis-by -synthesis speech/ 
audio codecs and caused in particular by channel errors 
during transmission of highly periodic signals such as 
high-frequency sine waves. Analysis-by-synthesis 
techniques involve production, in response to the speech/ 
audio signal and at regular time intervals called frames, 
of (a) a set of spectral parameters for use in driving a 
synthesis filter in view of synthesizing the speech/audio 
signal, and (b) a pitch gain for constructing a past- 
excitation-signal component for supply to the synthesis 
filter. In accordance with the instability eradication 



Industrie Canada Industry Canada 



BEST AVAILABLE COPY 



OPIC 

Office db la propribtb" 

INT8LLECTUBLLB DU CANADA 




CIPO 

Canadian Intellectual 
Propbrty Opficb 



(21) (Al) 2,202,025 
(22) 1997/04/07 
(43) 1998/10/07 



k transmettre au filtre de synthase. Conformement k la 
m&hode de suppression d 'instability une premiere etape 
consiste k d&ecter un ensemble de conditions 
comprenant i) une condition de resonance evaluee a 
partir de parametres spectraux, ii) une condition de duree 
d&ect£e lorsque la condition de resonance dure depuis au 
moins les M trames les plus recentes, M etant un entier 
superieur k 1, et iii) une condition de gain revelant des 
valeurs constamment £levees du gain de hauteur dans les 
N trames les plus recentes, N &ant un entier superieur a 
1. Pour supprimer Instability occasionnelle, le gain de 
hauteur est r6duit k une valeur infeneure k un seuil donne 
lorsque ces trois conditions sont detectees. 



method, a first step consists of detecting a set of 
conditions including (i) a resonance condition assessed 
from the spectral parameters, (ii) a duration condition 
detected when the resonance condition has prevailed for 
at least the M most recent frames, M being an integer 
greater than 1 , and (iii) a gain condition which evidences 
consistently -high values of the pitch gain in the N most 
recent frames, N being an integer greater than 1. To 
eradicate the occasional instability, the pitch gain is 
reduced to a value lower than a given threshold 
whenever these three conditions are detected. 
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ABSTRACT OF THE DISCLOSURE 

5 A method and device eradicate the occasional instability inherent 

in analysis-by-synthesis speech/audio codecs and caused in particular by 
channel errors during transmission of highly periodic signals such as high- 
frequency sine waves. Analysis-by-synthesis techniques involve 
production, in response to the speech/audio signal and at regular time 

10 intervals called frames, of (a) a set of spectral parameters for use in 
driving a synthesis filter in view of synthesizing the speech/audio signal, 
and (b) a pitch gain for constructing a past-excitation-signal component 
for supply to the synthesis filter. In accordance with the instability 
eradication method, a first step consists of detecting a set of conditions 

15 including (i) a resonance condition assessed from the spectral 
parameters, (ii) a duration condition detected when the resonance 
condition has prevailed for at least the M most recent frames, M being an 
integer greater than 1, and (iii) a gain condition which evidences 
consistently-high values of the pitch gain in the N most recent frames, N 

20 being an integer greater than 1. To eradicate the occasional instability, 
the pitch gain is reduced to a value lower than a given threshold 
whenever these three conditions are detected. 
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INSTABILITY ERADICATING METHOD AND DEVICE 
FOR ANALYSIS-BY-SYNTHESIS SPEECH CODECS 

5 

BACKGROUND OF THE INVENTION 

10 1 . Field of the invention: 

The present invention is concerned with the field of 
digital encoding of speech, audio and other signals based on analysis-by- 
synthesis techniques including, in particular but not exclusively, 
15 Multipulses, Code Excited Linear Prediction (CELP) and Algebraic-Code 
Excited Linear Prediction (ACELP). More specifically, the present 
invention relates to the eradication of an occasional instability found in 
these analysis-by-synthesis techniques. 

20 

2. Brief description of the prior art: 

Analysis-by-synthesis techniques such as Multipulses, 
Code Excited Linear Prediction (CELP) and Algebraic-Code Excited 
25 Linear Prediction (ACELP) are subjected to occasional instability in 
particular in the occurrence of channel errors during the transmission of 
highly periodic signals such as high-frequency sine waves. To circumvent 
the problem, "Instability-eradication methods", also referred to as 
"Instability-protection methods", have been developed. 
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Analysis-by-synthesis speech encoding techniques 
operate on a frame by frame basis and rely on a speech production 
model involving the transmission at regular time intervals called frames, 
of (i) a spectrum described by a set of spectral coefficients such as the 
Line Spectral Pairs (LSP), (ii) a description of an innovation signal 
typically by way of a codebook and code gain, (iii) a pitch lag, and (iv) its 
corresponding pitch gain. 

At the decoder, a periodic excitation signal is applied to 
a synthesis filter to produce the output speech. The needed periodic 
excitation is constructed by adding the received innovation signal to a 
version of the past excitation signal, namely, reusing the excitation signal 
a pitch-lag ago multiplied by the pitch gain. Clearly, this construction 
method is recursive and therefore exhibits a propensity to instability if the 
pitch gain is allowed to exceed unity. 

In analysis-by-synthesis speech encoding techniques, 
best results are obtained when the pitch gain is allowed to range up to 
values above one and typically up to 1.2. There is no intrinsic problem 
with using such a range insofar as the decoder follows rigorously the 
transmitted instructions from the encoder. However, the combination of 
channel error and high pitch gain values can bring about instabilities. 
These problems surfaced during the extensive test programs used by the 
International Telecommunication Union (ITU) and other standardization 
bodies. 

In the ITU G.729 speech-coding recommendation the 
problem was solved using a method to anticipate at the encoder a 
problem potential by monitoring the past excitation. 
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OBJECTS OF THE INVENTION 

An object of the invention is to eradicate the occasional 
instability which is known to occur in analysis-by-synthesis speech 
encoding techniques such as Multipulses, CELP, and ACELP. 

Another object of the invention is to make the best use 
of parameters already available at the encoder to identify accurately a 
problem potential in order to take the proper action at the encoder that will 
eliminate any risk of channel error inducing instability at the decoder. 

A further object of the present invention is to provide an 
instability eradication method and device capable of providing protection 
against all known problem signals including DTMF (i.e.: Touch tone 
signals) and other signalling tones yet without causing any interference 
with the encoding of speech signals. 

SUMMARY OF THE INVENTION 

More specifically, the present invention relates to a 
method for eradicating an occasional instability occurring in analysis-by- 
synthesis techniques for encoding an input signal, this analysis-by- 
synthesis techniques involving production, in response to the input signal 
and at regular time intervals called frames, of (a) a set of spectral 
parameters for use in driving a synthesis filter in view of synthesizing the 
input signal, and (b) a pitch gain for constructing a past-excitation-signal 
component for supply to the synthesis filter. According to the invention, 
the instability eradication method comprises a detection step for detecting 
a set of conditions related to the spectral parameters and the pitch gain, 



4 

and a modification step for reducing the pitch gain to a value lower than 
a given threshold whenever the conditions of the avove mentioned set are 
detected in order to eradicate the occasional instability. 

5 Advantageously, the conditions of the above mentioned 

set comprise: 

a resonance condition assessed from the spectral 
parameters; 

a duration condition detected when the resonance 
10 condition has prevailed for at least the M most recent 

frames, M being an integer greater than 1; arid 
a gain condition which evidences consistently-high 
values of the pitch gain in the IM most recent frames, N 
being an integer greater than 1. 

15 

In accordance with a preferred embodiment, the spectral 
parameters are related to spectral pairs selected from the group 
consisting of Line Spectral Pairs (LSP) and Immitance Spectral Pairs 
(ISP). 

20 

When the spectral parameters are related to Line 
Spectral Pairs (LSP), the resonance condition is advantageously related 
to differences between these Line Spectral Pairs (LSP). 

25 The modification step may comprise the step of reducing 

a quantized version of the pitch gain to a value lower than a given 
threshold G T whenever the conditions of the above mentioned set are 
detected in order to eradicate the occasional instability. 
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Alternatively, the modification step may comprise 
saturating the pitch gain to a given threshold whenever the conditions of 
the set are detected in order to eradicate the occasional instability. 

If the analysis-by-synthesis techniques comprise 
quantizing the pitch gain by means of a vector quantizer, the modification 
step may comprise limiting a search range of the vector quantizer to 
thereby cause the quantized pitch gain to be lower than a given threshold 
whenever the conditions of the set are detected in order to eradicate the 
occasional instability. 

If the spectral parameters are related to Line Spectral 

Pairs (LSP): 

(a) the detection step advantageously comprises: 

comparing quantities oV to respective thresholds T te - and 
detecting a resonance condition when at least one 

quantity d k is higher than the respective threshold T k ; 

wherein the quantities d k are expressed by the following relation: 

d k = min {LSP(i) - LSP(i+1 )}; for i = m k , m kt1 n k 

where: - LSP(i) for I = 1 , 2, ... P, denotes P spectral parameters 

of the Line Spectral Pairs (LSP); 

- k is an index; and 

- m k , m k+t n k are integers; and 

(b) the instability eradication method advantageously comprises changing 
the value of at least one threshold T k in relation to the Line Spectral Pairs 
(LSP). 
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Preferably, the detection step comprises detecting a 
gain condition when an average of the pitch gain over the N most recent 
frames is higher than a given threshold, or when a weighting of the pitch 
gain over the N most recent frames is higher than a given threshold. 

The instability eradication method may further comprise, 
when an overflow occurs in the synthesis filter in response to the past- 
excitation-signal component, the step of scaling down this past-excitation- 
signal component in order to enhance eradication of the occasional 
instability. 

The present invention also relates to a method for 
eradicating an occasional instability occurring in analysis-by-synthesis 
techniques for encoding an input signal, this analysis-by-syhthesis 
techniques involving production, in response to the input signal and at 
regular time intervals called frames, of (a) a set of spectral parameters for 
use in driving a synthesis filter in view of synthesizing the input signal, 
and (b) a pitch gain for constructing a past-excitation-sfgnal component 
for supply to the synthesis filter. This instability eradication method 
comprises: 

a detection step for detecting a set of conditions related 
to the spectral parameters and the pitch gain; and 

a modification step for reducing the pitch gain to a value 
lower than a given threshold whenever the conditions of the above 
mentioned set are detected in order to eradicate the occasional instability; 

wherein the conditions of the set comprise: 
- a resonance condition assessed from the spectral parameters; 
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- a duration condition detected when the resonance condition has 
prevailed for at least the M most recent frames, M being an integer 
greater than 1; and 

- a gain condition which evidences consistently-high values of the pitch 
gain in the N most recent frames, N being an integer greater than 1 ; and 

wherein the detection step comprises: 

- comparing the quantities 

d, = min {LSP(i) - LSPfl+1)}; for i = 4, 5, 6, 7, 8 
d 2 = min {LSP(i) - LSP(i+1)}; for i = 2, 3 

to the thresholds T, and T 2 , respectively; and 

- detecting a resonance condition when at least one of the quantities d, 
and d 2 is higher than the respective threshold or T 2 ; 

where - LSP(i) for I = 2, 3, 4, 5, 6, 8, denotes spectral 

parameters of the Line Spectral Pairs (LSP). 

Advantageously, the detection step further comprises: 
maintaining the threshold T, to a fixed value; and 
changing the value of the threshold T 2 in relation to the 
spectral parameter LSP(2). 

The present invention further relates to a device for 
conducting the method according to the invention, comprising: detecting 
means for detecting a set of conditions related to the spectral parameters 
and the pitch gain, and modifying means for reducing the pitch gain to a 
value lower than a given threshold whenever the conditions of the above 
mentioned set are detected in order to eradicate the occasional instability. 
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Also in accordance with the present invention, there is 
provided an encoder system comprising: 

an analysis-by-synthesis encoder section for encoding 
an input signal, comprising: 

first means for producing, in response to the input signal 
and at regular time intervals called frames, a description of an innovation 
signal to be supplied as excitation signal to a synthesis filter in view of 
synthesizing this input signal; 

second means for producing, in response to the input 
signal and at the regular time intervals, a set of spectral parameters for 
use in driving the synthesis filter; and 

third means for producing, in response to the input 
signal and at the regular time intervals, pitch information including a pitch 
gain for constructing a past-excitation-signal component added to the 
excitation signal; and 

an instability eradication section comprising: 

- detecting means for detecting a set of conditions related to the spectral 
parameters and the pitch gain; and 

- modifying means for reducing the pitch gain to a value lower than a 
given threshold whenever the conditions of the above mentioned set are 
detected in order to eradicate the occasional instability. 

Further in accordance with the present invention, in a 
cellular communication system for servicing a large geographical area 
divided into a plurality of cells, comprising: 

mobile transmitter/receiver units; 

cellular base stations respectively situated in the cells; 

means for controlling communication between the 
cellular base stations; 
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a bidirectional wireless communication sub-system 
between each mobile unit situated in one cell and the cellular base station 
of said one cell, the bidirectional wireless communication sub-system 
comprising in both the mobile unit and the cellular base station (a) a 
transmitter including analysis-by-synthesis encoding means for encoding 
a speech signal and means for transmitting the encoded speech signal, 
and (b) a receiver including means for receiving a transmitted encoded 
speech signal and means for decoding the received encoded speech 
signal; 

the improvement comprises the analysis-by-synthesis speech signal 
encoding means of the transmitter of at least a portion of the mobile units 
and cellular base stations provided with an encoder system including an 
analysis-by-synthesis encoder section for encoding the speech signal, 
comprising: 

- first means for producing, in response to the speech 
signal and at regular time intervals called frames, a 
description of an innovation signal to be supplied as 
excitation signal to a synthesis filter in view of 
synthesizing the speech signal; 

- second means for producing, in response to the 
speech signal and at the regular time intervals, a set of 
spectral parameters for use in driving the synthesis 
filter; and 

- third means for producing, in response to the speech 
signal and at the regular time intervals, pitch information 
including a pitch gain for constructing a past-excitation- 
signal component added to the excitation signal; and 

- an instability eradication section comprising (a) 
detecting means for detecting a set of conditions related 
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to the spectral parameters and the pitch gain; and (b) 
modifying means for reducing the pitch gain to a value 
lower than a given threshold whenever the conditions of 
the set are detected in order to eradicate the occasional 
5 instability. 

The objects, advantages and other features of the 
present invention will become more apparent upon reading of the 
following non restrictive description of a preferred embodiment thereof, 
10 given by way of example only with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

In the appended drawings: 

Figure 1 is a simplified block diagram of an analysis-by- 
20 synthesis speech/audio encoder comprising an instability-eradication 
module in accordance with the present invention; 

Figure 2 is a flow chart describing the method used by 
the instability-eradication module of the encoder of Figure 1 ; 

25 

Figure 3 is a simplified block diagram of a decoder as 
used in conjunction with the analysis-by-synthesis encoder of Figure 1, 
comprising an instability-eradication module; and 
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Figure 4 is a schematic block diagram illustrating the 
infrastructure of a typical cellular communication system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Although application of the instability eradicating method 
and device according to the present invention to a cellular communication 
system is disclosed as a non limitative example in the present 
specification, it should be kept in mind that these method and device can 
be used with the same advantages in many other types of communication 
systems in which signal encoding is required. 

In a cellular communication system such as 1 (Figure 4), 
a telecommunication service is provided over a large geographic area by 
dividing that large area into a number of smaller cells. Each cell has a 
cellular base station 2 for providing radio signalling channels, and audio 
and data channels. 

The radio signalling channels are utilized to page mobile 
radio telephones (mobile transmitter/receiver units) such as 3 within the 
limits of the cellular base station's coverage area (cell), and to place calls 
to other radio telephones 3 either inside or outside the base station's cell, 
or onto another network such as the Public Switched Telephone Network 
(PSTN) 4. 

Once a radio telephone 3 has successfully placed or 
received a call, an audio or data channel is set up with the cellular base 
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station 2 corresponding to the cell in which the radio telephone 3 is 
situated, and communication between the base station 2 and radio 
telephone 3 occurs over that audio or data channel. The radio telephone 
3 may also receive control or timing information over the signalling 
channel whilst a call is in progress. 

If a radio telephone 3 leaves a cell during a call and 
enters another cell, the radio telephone hands over the call to an 
available audio or data channel in the new cell. Similarly, if no call is in 
progress a control message is sent over the signalling channel such that 
the radio telephone 3 logs onto the base station 2 associated with the 
new cell. In this manner mobile communication over a wide geographical 
area is possible. 

The cellular communication system 1 further comprises 
a terminal 5 to control communication between the cellular base stations 
2 and the PSTN 4, for example during a communication between a radio 
telephone 3 and the PSTN 4, or between a radio telephone 3 in a first cell 
and a radio telephone 3 in a second cell. 

Of course, a bidirectional wireless radio communication 
sub-system is required to establish communication between each radio 
telephone 3 situated in one cell and the cellular base station 2 of that cell. 
Such a bidirectional wireless radio communication system typically 
comprises in both the radio telephone 3 and the cellular base station 2 (a) 
a transmitter for encoding the speech signal (the transmitter is usually 
provided with an analysis-by-synthesis speech/audio encoder for 
encoding the speech signal) and for transmitting the encoded speech 
signal through an antenna such as 6 or 7, and (b) a receiver for receiving 
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a transmitted encoded speech signal through the same antenna 6 or 7 
and for decoding the received encoded speech signal. As well known to 
those of ordinary skill in the art, voice encoding is required in order to 
reduce the bandwidth necessary to transmit speech across the 
bidirectional wireless radio communication system, i.e. between a radio 
telephone 3 and a base station 2. 

The present invention aims at providing the encoder of 
the transmitter of both the radio telephones 3 and the cellular base 
stations 2 with a device for eradicating the above discussed occasional 
instability occurring in analysis-by-synthesis techniques. Figure 1 is a 
schematic block diagram of an analysis-by-synthesis encoder provided 
with a device according to the invention for eradicating said occasional 
instability. Figure 3 is a schematic block diagram of a decoder usable in 
conjunction with the encoder of Figure 1. 

Although the preferred embodiment of the instability 
eradicating method and device according to the invention will be 
described in relation to an analysis-by-synthesis speech encoding 
technique, it should be kept in mind that the present invention also 
applies to analysis-by-synthesis techniques for encoding audio and other 
signals. 

Analysis-by-synthesis speech encoding techniques are 
based on a speech production model involving the transmission of a 
number of parameters at regular time intervals called frames, typically of 
20 ms duration. The transmitted information comprises as shown in 
Figure 1: 
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(a) a quantized spectrum 111 described by a set of P spectral 
coefficients, where P is the order; 

(b) a description of an innovation signal typically by way of a code 
index 112 and a code gain (included in the quantized-gain 
information 114); 

(c) a pitch lag 113; and 

(d) a pitch gain (included in the quantized gains 1 14). 

Signals 1 1 1-1 14 are supplied to respective inputs of a 
multiplexer 109. The multiplexer 109 multiplexes the signals 111-114 to 
produce a corresponding bitstream transmitted to a decoder as shown in 
Figure 3. 

The decoder 301 of Figure 3 comprises a demultiplexer 
302 for demultiplexing the bitstream received from the encoder 101 of 
Figure 1 into a quantized spectrum 31 1 (corresponding to transmitted 
spectrum 111), a code index 312 (corresponding to transmitted code 
index 112), a pitch lag 313 (corresponding to transmitted pitch lag 113) 
and to quantized-gain information 314 (corresponding to transmitted 
quantized gains 114). The reconstructed speech is outputted from a 
synthesis filter 303. This synthesis filter 303 is excited by the sum of two 
components, namely (a) a codevector from an innovation codebook 304 
in response to the code index information 312 and the code gain 
extracted from the quantized gain information 314 by a gain codebook 
307, and (b) a past-excitation component v from a past-excitation- 
codebook 305 in response to the received pitch-lag information 313 and 



220202 5 



15 

the pitch gain retrieved by the gain codebook 307 from the quantized-gain 
information 314. The spectrum 311 is also used to drive the synthesis 
filter 303. More specifically, a periodic excitation signal is applied to the 
synthesis filter 303 to produce the desired output speech, this periodic 
5 excitation signal being constructed by adding the received innovation 
signal to a past-excitation-signal component, more precisely to the 
excitation signal a pitch-lag ago multiplied by the pitch gain. Whenever 
the frame duration is longer than the pitch lag, the frame is filled by 
repeating the past excitation according to the well known adaptive 
10 codebook technique. 

Clearly, the periodic-excitation-signal construction 
procedure just described is recursive and therefore exhibits a propensity 
to instability if the pitch gain is allowed to dwell near, or to exceed, unity. 

15 

In fact, in analysis-by-synthesis speech encoding 
techniques, best results are obtained when the pitch gain is allowed to 
rise to unity and above, say, to range up to 1.2 for the sake of an 
example. There is no intrinsic problem with using such a range insofar as 
20 the decoder follows rigorously the transmitted instructions from the 
encoder. However, the combination of channel error and highly 
correlated stationary signals which keep the pitch gain continuously high 
may give rise to instabilities that will cause the decoder to utterly derail. 

25 The instability eradicating method and device according 

to the invention make the best use of parameters already available at the 
encoder to determine accurately if one faces a problem potential, namely 
if one stands the chance of channel errors inducing instability at the 
decoder. Inasmuch as the encoder can be made aware of a problem 
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potential, instability can be avoided by simply limiting the pitch gain to 
values lower than a given threshold itself lower than unity. 

The instability-eradication method according to the 
5 invention will be best understood by turning first to Figure 1 . 

Figure 1 shows the analysis-by-synthesis speech/audio 
encoder 101 comprising a spectrum analysis module 102, a pitch analysis 
and pitch-gain determination module 103, a gain (vector) quantization 
10 module 104, a spectrum quantization module 106, a pitch target 
computation module 107, a codebook search module 108, the multiplexer 
109, and the switch 110. The present invention concerns an instability- 
eradication module 105. 

1 5 Switch 1 1 0 is normally in the position as shown in Figure 

1. In this case, the instability-eradication module 105 does not interfere 
with normal operation of the encoder 101; indeed the pitch gain g 
outputted from module 103 is passed untouched to the quantization 
module 104. If however, the instability-eradication module 105 identifies 

20 a problem potential, it will change the position of switch 110 thereby 
saturating the current pitch gain g to some value (e.g.: Gj) and will cause 
the quantized pitch gain included in the output of gain vector-quantization 
module 104 to be limited to a value lower than a given threshold (e.g.: 
G T ). 

25 

The spectrum analysis module 102 extracts a set of 
Linear Prediction (LP) coefficients from the sampled input signal 
according to the well-known linear-prediction analysis procedure. These 
parameters are typically transformed into another representation wherein 
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quantization thereof can be done more efficiently by module 106 to 
produce the quantized spectrum 111. The most popular LP-coefficient 
transformed representation is the Line Spectral Pairs (LSP) also called 
the Line Spectral Frequencies (LSF) when expressed in a linear 
5 frequency scale. A related representation which has similar properties is 
the Immitance Spectral Pairs (ISP). These representations use a set of 
ordered parameters "LSP(i) M ranging in the ±1 interval, where i assumes 
the integers from 1 to P, where P is the linear-prediction order which is 
typically 10, and where the well-known property LSP(i) greater than 
10 LSP(i+1) holds for 1=1, 2 ... (P-1). 

Module 103 is a conventional pitch analysis and pitch- 
gain determination module responsive to a pitch target computed from the 
input sampled speech signal by conventional module 107 to produce an 
15 ideal pitch gain g, the pitch lag information 113, and a past-excitation 
signal component v. 

The (vector) quantization module 104 quantizes the 
inputted pitch gain g. Note that, under normal conditions, gain g is the 

20 same as outputted by module 103. In some implementations, g is scalar 
quantized into g' n = Q(g) where n is the frame index. In other 
implementations, including the one depicted in Figure 1, one or two 
coding bit(s) can be saved by vector quantizing g jointly with x where x is 
some variable to be transmitted such as the code gain produced by the 

25 codebook search module 108. In this case we can note g' n = Q(g t x). 

Just a word to mention that module 108 is a 
conventional codebook search module 108 responsive to the pitch target 
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from the pitch target computation module 107 with the past-excitation 
signal component v removed to produce the code index information 1 12. 

The instability-eradication module 105 is used in 
conjunction with the encoder 101. Its purpose is to identify frames with 
problem potential and, whenever such frames occur, to saturate the 
current pitch gain g to a given value and to cause the quantized version 
of the pitch gain to assume a value lower than unity in the vector 
quantization process. This result is best obtained by limiting the vector- 
quantizer search range to those entries for which the corresponding 
quantized pitch gain assumes indeed the above mentioned value lower 
than unity. 

A frame with problem potential is identified whenever the 
three following conditions are detected: 

1) A resonance condition prevails in the input signal to be 
encoded. In other words a highly correlated stationary signal 
is present. A typical signal having these characteristics is a 
sinusoidal tone or a combination of tones. The present 
specification discloses an efficient approach to assessing 
resonance conditions by monitoring the occurrence of 
resonance in the LSP-spectrum already available in the 
encoder. 

2) A duration condition is detected when the resonance 
condition has prevailed for at least the M most recent frames 
where M is an integer greater than 1 ; a typical value for M is 
12. 
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3) A gain condition which evidences consistently-high values of 
the pitch gain in the N most recent frames, N being an integer 
greater than 1. For example, a consistently-high pitch-gain 
condition is detected when the average pitch gain computed 
over the most recent N+1 pitch-gain values exceeds a given 
threshold; a typical value for N is 7. 

The various steps of the instability eradicating method 
are illustrated in the flow chart of Figure 2. It should be kept in mind that 
Figure 2 illustrates a preferred embodiment of the instability eradicating 
method according to the invention; clearly, there are alternate ways that 
can be devised by a speech encoding expert to detect the above three 
conditions without departing from the spirit of the present invention. 

In essence, steps 201 through 204 determines whether 
or not a resonance condition prevails in the input speech signal to be 
encoded. If a resonance condition is detected, steps 206 and 207 
determines whether the duration, during which the resonance condition 
has been prevailing, exceeds a given number of frames (duration 
condition). If this duration condition is detected, a problem potential is 
recognized if the (weighted) average pitch gain is above a given threshold 
and the current pitch gain is above a certain threshold G T . When a 
problem potential is recognized, the quantized pitch gain g' n is caused to 
stay below a certain threshold (e.g.: in step 21 1 by limiting the search 
range of the vector quantization module.104 (Figure 1). 



Resonance CQnditiQn 
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In step 202, two resonance indexes, d 1 and d 2 , are computed by 
considering the smallest difference between consecutive (unquantized) 
spectral parameters LSP(i) outputted by the spectrum analysis module 
1 02 of Figure 1 . For that purpose, the following relations are used: 

5 

d, = min {LSP(i) - LSP(i+1)}; for i = 4, 5, 6, 7, 8 

d 2 = min {LSP(i) - LSP(i+1)}; for i = 2, 3 

10 It should be kept in mind that alternate resonance indexes can be defined 
by considering the difference between LSP(i) and LSP(i+2) instead of 
adjacent LSPs. 

In step 204 a resonance condition is detected if either d, or d, 
1 5 exceeds their respective thresholds or T 2 

Basically, threshold concerns resonances occurring in higher 
frequencies. Good result are obtained with a fixed threshold T v A typical 
value for threshold is .0458 . 

20 

It is a purpose of the invention to disclose that problematic 
resonances occurring in the lower frequencies can be detected providing 
J 2 is not fixed. In the preferred implementation described in step 203, 
there are three different values that T 2 can assume depending on the 
25 value of LSP(2). Such a frequency dependent threshold T 2 is needed 
because, in the lower frequency range, the speech signal exhibits the 
high-energy stationary resonances called formants and therefore extra 
care must be taken to stamp out false alarms that would degrade speech 
quality. It was discovered that binding the threshold value to the 2nd LSP 
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parameter in the appropriate way prevents detrimental false alarm without 
sacrificing the protection performance for real problem signals. 

Duration condition 

5 

Steps 206 and 207 detect the duration condition when the 
resonance condition detected in step 204 has prevailed for at least the M 
most recent frames. 

10 Gain condition 

Step 209 detects a problem potential by detecting the 
consistently-high pitch-gain condition when the average G of the pitch 
gain over the N most recent frames, computed in step 208, is higher than 

1 5 a fixed threshold G^ where 0.95 is a typical value for G, according to the 
implementation illustrated in step 208. Note that alternative "weighted 
average" G can be obtained using linear filtering, or any function, of the 
current and previous pitch gains without departing from the spirit of the 
present invention. In the latter case, a gain condition is detected when 

20 such "weighting" of the pitch gain over the N most recent frames is higher 
than a given threshold. 

If a problem potential is detected 

25 Step 210 saturates the pitch gain g to G,. or another threshold (a 

simpler variant for step 210 consists of setting g = G T because g is 
expected to be large on entering this step). 
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The quantization operation of step 211 takes place in vector- 
quantization module 104 under instructions from the instability-eradication 
module 105 to limit the search range to codevectors corresponding to 
quantized pitch gains lower than G x or similar value. 

5 

If the answer to step 204 is °No n , the number m of frames during 
which the resonance condition has prevailed is reset to zero (step 205) 
and the pitch gain is vector quantized with the full search range by the 
module 104 of Figure 1 (step 212). 

10 

In the same manner, should the answer to steps 207 or 209 be 
"No", the pitch gain is vector quantized with the full search range by the 
module 104 of Figure 1 (step 212). 

1 5 The following simple additional safety feature can be used at the 

decoder 301 (Figure 3) to further enhance the instability eradicating 
method in accordance with the present invention. Referring to Figure 3, 
whenever an overflow occurs in synthesis filter 303 in response to the 
past-excitation-signal component v, an instability-eradication module 306 

20 changes the position of the switch 308 and scales down by a certain 
factor such as 4 this past-excitation-signal component v. More 
specifically, when an overflow occurs in synthesis filter 303 in response 
to the past-excitation-signal component v, this overflow is detected by the 
instability-eradication module 306 which then changes the position of the 

25 switch 308, scales down by a certain factor such as 4 this past-excitation- 
signal component v, and supplies the scaled down past-excitation-signal 
component v to the adder 309. 
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Although the present invention has been described hereinabove 
by way of a preferred embodiment thereof, this embodiment can be 
modified at will, within the scope of the appended claims, without 
departing from the spirit and nature of the subject invention. 



24 

WHAT IS CLAIMED IS: 

1 . A method for eradicating an occasional instability 
occurring in analysis-by-synthesis techniques for encoding an input 

5 signal, said analysis-by-synthesis techniques involving production, in 
response to said signal and at regular time intervals called frames, of: 

(a) a set of spectral parameters for use in driving a synthesis 
filter in view of synthesizing said signal; and 

(b) a pitch gain for constructing a past-excitation-signal 
1 0 component for supply to the synthesis filter; 

said instability eradication method comprising: 

a detection step for detecting a set of conditions related 
to the spectral parameters and the pitch gain; and 

a modification step for reducing the pitch gain to a value 
1 5 lower than a given threshold whenever the conditions of said set 

are detected in order to eradicate said occasional instability. 

2. An instability eradication method as recited in claim 
1 , wherein the conditions of said set comprise: 

20 a resonance condition assessed from the spectral 

parameters; 

a duration condition detected when the resonance condition 
has prevailed for at least the M most recent frames, M being an 
integer greater than 1 ; and 
25 a gain condition which evidences consistently-high values of 

the pitch gain in the N most recent frames, N being an integer 
greater than 1. 
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3. An instability eradication method as recited in claim 

1, wherein the spectral parameters are related to spectral pairs selected 
from the group consisting of Line Spectral Pairs (LSP) and Immitance 
Spectral Pairs (ISP). 

5 

4. An instability eradication method as recited in claim 

2, wherein the spectral parameters are related to Line Spectral Pairs 
(LSP), and wherein the resonance condition is related to differences 
between said Line Spectral Pairs (LSP). 

10 

5. An instability eradication method as recited in claim 
1, in which said modification step comprises the step of reducing a 
quantized version of the pitch gain to a value lower than a given threshold 
G T whenever the conditions of said set are detected in order to eradicate 

15 said occasional instability. 

6. An instability eradication method as recited in claim 
1, wherein said modification step comprises saturating the pitch gain to 
a given threshold whenever the conditions of said set are detected in 

20 order to eradicate said occasional instability. 

7. An instability eradication method as recited in claim 
1 , wherein said analysis-by-synthesis techniques comprise quantizing the 
pitch gain by means of a vector quantizer, and wherein said modification 

25 step comprises limiting a search range of the vector quantizer to thereby 
cause the quantized pitch gain to be lower than a given threshold 
whenever the conditions of said set are detected in order to eradicate 
said occasional instability. 
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8. An instability eradication method as recited in claim 
2, wherein the spectral parameters are related to Line Spectral Pairs 
(LSP), and wherein the detection step comprises: 

comparing quantities d k to respective thresholds and 
detecting a resonance condition when at least one 
quantity d k is higher than the respective threshold T k ; 
wherein said quantities d k are expressed by the following relation: 

d k = min {LSP(i) - LSP(i+1)}; for i = m kt m k ^,... f n k 

where: - LSP(i) for I = 1, 2, ... P, denotes P spectral parameters of the 
Line Spectral Pairs (LSP); 

- k is an index; and 

- n\ f m k+1 n k are integers. 

9. An instability eradication method as recited in claim 
8, comprising changing the value of at least one threshold T k in relation 
to the Line Spectral Pairs (LSP). 

10. An instability eradication method as recited in claim 
2, wherein the detection step comprises detecting a gain condition when 
an average of the pitch gain over said N most recent frames is higher 
than a given threshold. 

1 1 . An instability eradication method as recited in claim 
2, wherein the detection step comprises detecting a gain condition when 
a weighting of the pitch gain over the N most recent frames is higher than 
a given threshold. 
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12. An instability eradication method as recited in claim 
1, further comprising, when an overflow occurs in the synthesis filter in 
response to the past-excitation-signal component, the step of scaling 
down said past-excitation-signal component in order to enhance 
eradication of the occasional instability. 

13. A method for eradicating an occasional instability 
occurring in analysis-by-synthesis techniques for encoding an input 
signal, said analysis-by-synthesis techniques involving production, in 
response to said signal and at regular time intervals called frames, of (a) 
a set of spectral parameters for use in driving a synthesis filter in view of 
synthesizing said signal, and (b) a pitch gain for constructing a past- 
excitation-signal component for supply to the synthesis filter; 

said instability eradication method comprising: 

a detection step for detecting a set of conditions related to the 
spectral parameters and the pitch gain; and 

a modification step for reducing the pitch gain to a value lower 
than a given threshold whenever the conditions of said set are detected 
in order to eradicate said occasional instability; 

wherein the conditions of said set comprise: 

a resonance condition assessed from the spectral 
parameters; 

a duration condition detected when the resonance 
condition has prevailed for at least the M most recent frames, 
M being an integer greater than 1; and 

a gain condition which evidences consistently-high 
values of the pitch gain in the N most recent frames, N being 
an integer greater than 1 ; 
wherein the detection step comprises: 
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comparing the quantities 

d 1 = min {LSP(i) - LSP(i+1)}; for i = 4, 5, 6, 7, 8 

5 d 2 = min {LSP(i) - LSP(i+1)}; for i = 2, 3 

to the thresholds T, and T 2l respectively; and 

detecting a resonance condition when at least one of 
the quantities d 1 and 4 & higher than the respective 
10 threshold T i or T 2 ; 

where - LSP(i) for i = 2, 3, 4, 5, 6, 7, 8, denotes spectral 
parameters of the Line Spectral Pairs (LSP). 

14. An instability eradication method as recited in claim 
15 13, wherein the detection step further comprises: 

maintaining the threshold to a fixed value; and 
changing the value of the threshold T 2 in relation to the 
spectral parameter LSP(2). 

20 15. A device for eradicating an occasional instability 

occurring in analysis-by-synthesis techniques for encoding an input 
signal, said analysis-by^synthesis techniques involving production, in 
response to said signal and at regular time intervals called frames, of: 

(a) a set of spectral parameters for use in driving a synthesis 
25 filter in view of synthesizing said signal; and 

(b) a pitch gain for constructing a past-excitation-signal 
component for supply to the synthesis filter; 

said instability eradication device comprising: 
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detecting means for detecting a set of conditions related 
to the spectral parameters and the pitch gain; and 

modifying means for reducing the pitch gain to a value 
lower than a given threshold whenever the conditions of said set 
are detected in order to eradicate said occasional instability. 

16. An instability eradication device as recited in claim 
15, wherein the conditions of said set comprise: 

a resonance condition assessed from the spectral 
parameters; 

a duration condition detected when the resonance condition 
has prevailed for at least the M most recent frames, M being an 
integer greater than 1 ; and 

a gain condition which evidences consistently-high values of 
the pitch gain in the N most recent frames, N being an integer 
greater than 1. 

17. An instability eradication device as recited in claim 
15, in which said modifying means comprises means for reducing a 
quantized version of the pitch gain to a value lower than a given threshold 
G T whenever the conditions of said set are detected by the detecting 
means in order to eradicate said occasional instability. 

18. An instability eradication device as recited in claim 
15, wherein said modifying means comprises means for saturating the 
pitch gain to a given threshold whenever the conditions of said set are 
detected in order to eradicate said occasional instability. 
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19. An instability eradication device as recited in claim 

15, wherein said analysis-by-synthesis techniques use a vector quantizer 
for quantizing the pitch gain, and wherein said modifying means 
comprises means for limiting a search range of the vector quantizer to 
thereby cause the quantized pitch gain to be lower than a given threshold 
whenever the conditions of said set are detected in order to eradicate 
said occasional instability. 

20. An instability eradication device as recited in claim 

16, wherein the spectral parameters are related to Line Spectral Pairs 
(LSP), and wherein the detecting means comprises: 

means for comparing quantities d k to respective 
thresholds T k ; and 

means for detecting a resonance condition when at 
least one quantity d k is higher than the respective threshold 

wherein said quantities d k are expressed by the following relation: 

d k = min {LSP(i) - LSPfl+1)}; for i = m k , m k+1 ,..., n k 

where: - LSP(i) for I = 1, 2, ... P, denotes P spectral parameters of the 
Line Spectral Pairs (LSP); 

- k is an index; and 

- m k , nrvt n k are integers. 

21 . An instability eradication device as recited in claim 
20, comprising means for changing the value of at least one threshold T k 
in relation to the Line Spectral Pairs (LSP). 
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22. An instability eradication device as recited in claim 

20, wherein: 

the index k takes on the two values 1 and 2; and 
the detecting means comprises: 

means for comparing the quantities 

d, = min {LSP(i) - LSP(i+1)}; for i = 4, 5, 6, 7, 8 

d 2 = min {LSP(i) - LSP(i+1)}; for i = 2, 3 

to the thresholds Ti and T 2 , respectively; and 

means for detecting a resonance condition when at 
least one of the quantities and g is higher than the 
respective threshold T 1 or T 2 . 

23. An instability eradication device as recited in claim 
22, wherein the detecting means further comprises: 

means for maintaining the threshold T, to a fixed value; and 
means for changing the value of the threshold T 2 in relation 
to the spectral parameter LSP(2). 

24. An instability eradication device as recited in claim 
16, wherein the detecting means comprises means for detecting a gain 
condition when an average of the pitch gain over said N most recent 
frames is higher than a given threshold. 

25. An instability eradication device as recited in claim 
16, wherein the detecting means comprises means for detecting a gain 
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condition when a weighting of the pitch gain over the N most recent 
frames is higher than a given threshold. 

26. An instability eradication device as recited in claim 
15, further comprising means for scaling down, when an overflow occurs 
in the synthesis filter in response to the past-excitation-signal component, 
said past-excitation-signal component in order to enhance eradication of 
the occasional instability. 

27. An encoder system comprising: 

an analysis-by-synthesis encoder section for encoding an input 
signal, comprising: 

first means for producing, in response to said signal and 
at regular time intervals called frames, a description of an 
innovation signal to be supplied as excitation signal to a 
synthesis filter in view of synthesizing said signal; 

second means for producing, in response to said signal 
and at said regular time intervals, a set of spectral 
parameters for use in driving the synthesis filter; and 

third means for producing, in response to said signal 
and at said regular time intervals, pitch information including 
a pitch gain for constructing a past-excitation-signal 
component added to said excitation signal; and 
an instability eradication section comprising: 

detecting means for detecting a set of conditions related 
to the spectral parameters and the pitch gain; and 

modifying means for reducing the pitch gain to a value 
lower than a given threshold whenever the conditions of said 
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set are detected in order to eradicate said occasional 
instability. 

28. The encoder system of claim 27, wherein the 
conditions of said set comprise: 

a resonance condition assessed from the spectral 
parameters; 

a duration condition detected when the resonance condition 
has prevailed for at least the M most recent frames, M being an 
integer greater than 1 ; and 

a gain condition which evidences consistently-high values of 
the pitch gain in the N most recent frames, N being an integer 
greater than 1. 

29. The encoder system of claim 27, in which said 
modifying means comprises means for reducing a quantized version of 
the pitch gain to a value lower than a given threshold G T whenever the 
conditions of said set are detected by the detecting means in order to 
eradicate said occasional instability. 

30. The encoder system of claim 27, in which said 
modifying means comprises means for saturating the pitch gain to a given 
threshold whenever the conditions of said set are detected by said 
detecting means in order to eradicate said occasional instability. 

31. The encoder system of claim 27, wherein said 
analysis-by-synthesis techniques use a vector quantizer for quantizing the 
pitch gain, and wherein said modifying means comprises means for 
limiting a search range of the vector quantizer to thereby cause the 
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quantized pitch gain to be lower than a given threshold whenever the 
conditions of said set are detected by the detecting means in order to 
eradicate said occasional instability. 

32. The encoder system of claim 28, wherein the 
spectral parameters are related to Line Spectral Pairs (LSP), and wherein 
the detecting means comprises: 

means for comparing quantities d k to respective 
thresholds T k ; and 

means for detecting a resonance condition when at 
least one quantity d k is higher than the respective threshold 
T k ; 

wherein said quantities d k are expressed by the following relation: 

d k = min fLSP(i) - LSP(i+1)}; for i = m,, n\ + n k 

where: - LSP(i) for I = 1, 2, ... P, denotes P spectral parameters of the 
Line Spectral Pairs (LSP); 

- k is an index; and 

- m kI m k+1 n k are integers. 

33. The encoder system of claim 32, comprising means 
for changing the value of at least one threshold T k in relation to the Line 
Spectral Pairs (LSP). 

34. The encoder system of claim 32, wherein the index 
k takes on the two values 1 and 2, and wherein the detecting means 
comprises: 

means for comparing the quantities 
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d, = min {LSP(i) - LSP(i+1)}; for i = 4, 5, 6, 7, 8 

d 2 = min {LSP(i) - LSP(i+1)}; for i = 2, 3 

to the thresholds T, and T 2 , respectively; and 

means for detecting a resonance condition when at 
least one of the quantities d, and 4 is higher than the 
respective threshold T, or T 2 . 

35. The encoder system of claim 34, wherein the 
detecting means further comprises: 

means for maintaining the threshold T, to a fixed value; and 
means for changing the value of the threshold T 2 in relation 
to the spectral parameter LSP(2). 

36. The encoder system of claim 27, wherein the 
detecting means comprises means for detecting a gain condition when an 
average of the pitch gain over said N most recent frames is higher than 
a given threshold. 

37. The encoder system of claim 27, wherein the 
detecting means comprises means for detecting a gain condition When a 
weighting of the pitch gain over the N most recent frames is higher than 
a given threshold. 

38. The encoder system of claim 27, further comprising 
means for scaling down, when an overflow occurs in the synthesis filter 
in response to the past-excitation-signal component, said past-excitation- 
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signal component in order to enhance eradication of the occasional 
instability. 

39. In a cellular communication system for servicing a 
5 large geographical area divided into a plurality of cells, comprising: 
mobile transmitter/receiver units; 
cellular base stations respectively situated in said cells; 
means for controlling communication between the cellular base 
stations; 

10 a bidirectional wireless communication sub-system between each 

mobile unit situated in one cell and the cellular base station of said one 
cell, said bidirectional wireless communication sub-system comprising in 
both the mobile unit and the cellular base station (a) a transmitter 
including analysis-by-synthesis encoding means for encoding a speech 
15 signal and means for transmitting the encoded speech signal, and (b) a 
receiver including means for receiving a transmitted encoded speech 
signal and means for decoding the received encoded speech signal; 
the improvement comprising the analysis-by-synthesis speech 
signal encoding means of the transmitter of at least a portion of 
20 said mobile units and cellular base stations provided with a 

encoder system comprising: 

an analysis-by-synthesis encoder section for encoding the 
speech signal, comprising: 

first means for producing, in response to the speech 
25 signal and at regular time intervals called frames, a 

description of an innovation signal to be supplied as 
excitation signal to a synthesis filter in view of synthesizing 
said speech signal; 
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second means for producing, in response to the speech 
signal and at said regular time intervals, a set of spectral 
parameters for use in driving the synthesis filter; and 

third means for producing, in response to the speech 
signal and at said regular time intervals, pitch information 
including a pitch gain for constructing a past-excitation-signal 
component added to said excitation signal; and 
an instability eradication section comprising: 

detecting means for detecting a set of conditions related 
to the spectral parameters and the pitch gain; and 

modifying means for reducing the pitch gain to a value 
lower than a given threshold whenever the conditions of said 
set are detected in order to eradicate said occasional 
instability. 

40. An encoder system as recited in claim 39, wherein 
the conditions of said set comprise: 

a resonance condition assessed from the spectral 
parameters; 

a duration condition detected when the resonance condition 
has prevailed for at least the M most recent frames, M being an 
integer greater than 1; and 

a gain condition which evidences consistently-high values of 
the pitch gain in the N most recent frames, N being an integer 
greater than 1. 

41. An encoder system as recited in claim 39, in which 
said modifying means comprises means for reducing a quantized version 
of the pitch gain to a value lower than a given threshold Gj whenever the 
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conditions of said set are detected by the detecting means in order to 
eradicate said occasional instability. 

42. An encoder system as recited in claim 39, in which 
5 said modifying means comprises means for saturating the pitch gain to 

a given threshold whenever the conditions of said set are detected by 
said detecting means in order to eradicate said occasional instability. 

43. An encoder system as recited in claim 39, wherein 
10 said analysis-by-synthesis techniques use a vector quantizer for 

quantizing the pitch gain, and wherein said modifying means comprises 
means for limiting a search range of the vector quantizer to thereby cause 
the quantized pitch gain to be lower than a given threshold whenever the 
conditions of said set are detected by the detecting means in order to 
1 5 eradicate said occasional instability. 

44. An encoder system as recited in claim 40, wherein 
the spectral parameters are related to Line Spectral Pairs (LSP), and 
wherein the detecting means comprises: 

20 means for comparing quantities d k to respective 

thresholds T k ; and 

means for detecting a resonance condition when at 
least one quantity d k is higher than the respective threshold 

25 wherein said quantities d k are expressed by the following relation: 

d k = min {LSP(i) - LSP(i+1)}; for i = m k , m kM ,.. M n k 
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where: - LSP(i) for I = 1, 2, ... P, denotes P spectral parameters of the 
Line Spectral Pairs (LSP); 

- k is an index; and 

- rrik, nv, n k are integers. 

45. An encoder system as recited in claim 44, 
comprising means for changing the value of at least one threshold T k in 
relation to the Line Spectral Pairs (LSP). 

46. An encoder system as recited in claim 44, wherein 
the index k takes on the two values 1 and 2, and wherein the detecting 
means comprises: 

means for comparing the quantities 

d, = min {LSP(i) - LSP(i+1)}; for i = 4, 5, 6, 7, 8 



d 2 = min {LSP(i) - LSP(i+1)}; for i = 2, 3 

to the thresholds T, and T 2 , respectively; and 

means for detecting a resonance condition when at 
least one of the quantities d, and 4 is higher than the 
respective threshold T, or T 2 . 

47. An encoder system as recited in claim 46, wherein 
the detecting means further comprises: 

means for maintaining the threshold T t to a fixed value; and 
means for changing the value of the threshold T 2 in relation 
to the spectral parameter LSP(2). 
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48. An encoder system as recited in claim 40, wherein 
the detecting means comprises means for detecting a gain condition 
when an average of the pitch gain over said N most recent frames is 
higher than a given threshold. 

5 

49. An encoder system as recited in claim 39, wherein 
the detecting means comprises means for detecting a gain condition 
when a weighting of the pitch gain over the N most recent frames is 
higher than a given threshold. 

10 

50. An encoder system as recited in claim 39, wherein 
the encoded-speech-signal decoding means of the receiver of said at 
least a portion of said mobile units and cellular base stations comprises 
means for scaling down, when an overflow occurs in the synthesis filter 

1 5 in response to the past-excitation-signal component, said past-excitation- 
signal component in order to enhance eradication of the occasional 
instability. 
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